Comparison of methods for the isolation of Salmonella from bone meal. Appl. Microbiol. 14:711-715. 1966.-The efficiency of some methods for the isolation of Salmonella from bone meal was studied. Grinding of the granulated, industrial product was found to increase Salmonella recovery. An improvement in the efficiency of the pre-enrichment method was obtained by adding deoxycholate (1%) to mannitol broth. Selective enrichment in selenite cystine medium gave better results than in Kauffmann-Muller medium, when small inocula were used. Experimental data showed that, in the presence of large numbers of coliforms and very small numbers of Salmonella, the Kauffman-Muller medium offers better results, but, in the presence of smaller numbers of coliforms, selenite cystine is preferable. As solid selective medium, Brilliant Green Agar gave, in our laboratory, better results than S S medium.
Statistical data on human morbidity for the past year show, in many countries, an increase in the incidence of salmonellosis and a corresponding increase in the isolations of Salmonella from foods of animal source (6, 10, 20 ; Communicable Disease Center Salmonella Surveillance Annual Summary, 1964) . This phenomenon was observed in Israel by Silberstein and Gerichter (12) .
The increasing incidence of salmonellosis may be partially explained by an enhanced reporting activity, but many authors consider it to be related to the large-scale use of manufactured foodstuffs and animal feeding stuffs. Some authors have demonstrated a connection between contamination of animal feeding stuffs and foodstuffs, and animal carriers and human cases (10, 11, 20) .
One of the frequently contaminated animal feeding stuffs is manufactured bone meal (5, 20) . In this paper, we present a study of the presence of Salmonella in the bone meal produced in 1964 by a manufacturing plant in Israel. A comparison of methods for the isolation of Salmonella from this product is also presented.
MATERIALS AND METHODS Samples of bone meal were obtained from a manufacturing plant for animal feeding and gelatin production. The raw product was cattle bones from local and imported sources. We examined, in general, the final product, but the intermediate products were also examined, to discover the stage of recontamination.
Since the bone meal under consideration was in the granulated form, the material was not homogenous. Therefore, we compared the results obtained in the analysis of bone meal before and after grinding it in a mill.
We also compared methods of pre-enrichment in lactose, mannitol, and dulcitol broth with that of direct inoculation in selective liquid media (selenite cystine and Kauffmann-Muller). The efficiency of the pre-enrichment in mannitol broth was compared with that of the same medium into which 1% deoxycholate was incorporated. Generally, 10-g portions of bone meal were introduced into flasks containing 100 ml of pre-enrichment broth, and 1-and 0.1-g portions were placed in tubes with 10 ml of medium. After inoculation, the pre-enrichment medium was shaken for 15 min in a shaking machine and was incubated for 18 to 24 hr at 37 C.
As selective liquid media, selenite cystine broth (9) and Kauffmann-Muller medium (7) were used for comparison. About 0.2-ml quantities of the shaken pre-enrichment medium were transferred into the tubes with the selective media. After incubation at 37 C for 24 hr, the cultures were streaked onto Brilliant Green Agar and onto S S plates. From Table 1 .
From the results shown in Table 1 , it is evident that a greater number of Salmonella serotypes were isolated from the ground material than from the granulated one. Quantitatively, salmonellae were found in the ground bone meal in all of six 1-g portions and in four of six 0.1-g portions, whereas in the granulated material only two of six 1-g portions and one of six 0.1-g portions contained salmonellae.
It is obvious that grinding of the granulated bone meal increases the efficiency of recovery of salmonellae in this material.
It seems noteworthy that, in many cases, different Salmonella serotypes were found in the granulated and the ground product from the same sample and, frequently, different serotypes were found in the 10-, 1-, and 0.1-g portions of the same material. This fact suggests the presence in the raw material of some heavily contaminated granules.
Pre-enrichment. Several experiments for detection of Salmonella in bone meal were done with pre-enrichment in mannitol, lactose, and dulcitol broth, and direct inoculation in selective media. Our results confirmed previous reports (16, 19) that the nature of the sugar added to the pre-enrichment medium is of no significance, but that pre-enrichment is very necessary for the detection of salmonellae in such kinds of dried and conserved foodstuffs (8, 13) . Since mannitol broth as pre-enrichment medium (4) , has been satisfactorily adopted in many laboratories, we continued the experiments using only this medium and tried to enhance its efficiency by adding 1% deoxycholate.
Samples of ground bone meal were examined in amounts of 10, 1.0, and 0.1 g in mannitol broth pre-enrichment medium; one series of samples was tested with, and a second without, the addition of deoxycholate. The results ( To elucidate some aspects of the differing results frequently obtained with the two selective liquid media, we carried out the following experiment. Five of the coliforms occurring most frequently in the bone meal under study were isolated and subcultured on agar slants. The 24-hr-old cultures were washed with 5 ml of normal saline, thoroughly mixed, and serially 10-fold diluted in normal saline. The same was done with a laboratory S. enteritidis culture.
Portions of 0.1 ml of each dilution of the mixed coliforms were added to seven tubes of Kauffmann-Muller medium and also to seven tubes of selenite cystine. Then, 0.1 ml of each dilution of S. enteritidis was added to the tubes previously inoculated with the coliforms, so that we had each dilution of S. enteritidis, in the two media, added to each dilution of coliforms. The exact number of organisms inoculated was determined by plating out duplicate 0.1-ml amounts of each of the dilutions onto Trypticase agar. After incubation of the liquid selective media for 24 hr at 37 C, one loopful of each tube was streaked on two Brilliant Green Agar plates and on two S S agar plates. The number of Salmonella colonies was recorded after incubation for 24 hr at 37 C. The results on the two solid media were similar. In Tables 4 and 5 , the number of S. enteritidis colonies obtained on Brilliant Green Agar plates from all of the tubes of the two liquid media is presented.
From the data in Tables 4 and 5 , it appears that, in the presence of great numbers of coliforms, the Kauffmann (14) on the same subject.
Solid selective media. In all experiments with bone meal, we streaked parallel samples on Brilliant Green Agar plates and S S agar plates. From 83 positive passages, 51 were positive on both media, 23 only on Brilliant Green medium, and 9 only on S S agar plates.
Of 14 serotypes isolated, 7 were obtained on both solid media, 1 only on S S medium, and 6 only on Brilliant Green Agar. It appears that, in our laboratory, the best results were obtained with Brilliant Green Agar. But, as other authors have already emphasized (16, 19) , it is obvious that the use of only one solid medium risks missing some positive results.
Examination of samples in different stages of production. A series of samples of bone meal was examined in all stages of production. In the nontreated bones, S. blockley and S. anatum were found. In the mechanically broken bones, we found also S. blockley and S. anatum. The benzene-and vapor-treated bone meal was found to be free from Salmonella and to have a very low coliform content. In the samples of dried bone meal, we found S. haifa. Different samples of the final product were found to be contaminated with S. senftenberg, S. cubana, and S. worthington.
The great diversity of serotypes found illustrates the nonhomogeneity of the material studied. It is noteworthy that recontamination of bone meal with Salmonella occurred after sterilization by means of benzene extraction and vapors. It is very probable that a better organization of th,e production could avoid this recontamination of bone meal product (5, 20) .
DIscussIoN
One of the difficulties in the interpretation of results obtained in the investigation of Salmonella content of foods and feeding products is the lack of a generally recommended method. This is obviously not only a lack of standardization, but also a reflection of the difficulty of applying the existing methods to a great variety of products (17) . Silliker and Taylor (15) demonstrated that the selectivity of the liquid selective media is inhibited by the water-soluble substances in egg albumen and gelatin. It was also demonstrated that, in products which had been dried and preserved for a long time, the pre-enrichment method is a necessity for the activation of the "dormant cells" existing in the product (13) . Another factor of high importance is the coliform-Salmonella ratio, which affects the efficiency of different selective media (14, 18) .
In this work, we tried to adapt the classical methods to the examination of bone meal. First, we demonstrated that grinding of the industrial granulated product is a necessary condition for good isolation of salmonellae, especially if quantitative results are desired.
Since bone meal is a dried and sometimes preserved product, it is natural that we obtained the best results with the pre-enrichment method. As the coliform flora of the product was abundant, we added deoxycholate to the classical mannitol broth, in an effort to encourage the multiplication of salmonellae. Thus, the number of serotypes isolated became greater and the sensitivity of the method was improved.
The importance of the coliform-Salmonella ratio was demonstrated in experimental data. In the presence of great numbers of coliforms and very low numbers of salmonellae, the Kauffmann-Muller enrichment medium gave the best results; however, when the number of coliforms was moderate and that of salmonellae not so low, the selenite cystine enrichment medium was more efficient.
In agreement with Taylor et al. (19) In conclusion, we emphasize that the bone meal under consideration, like the same product examined by other authors, is a very contaminated product. It is advisable, to assure a clean product, to separate the contaminated raw material from the sterilized end product and to use a clean vacuum-drying system. If a clean handling practice appears too expensive, sterilization of the end product by chemical methods (20) must be carried out.
